DNA repair defects channel interstrand DNA cross-links into alternate recombinational and error-prone repair pathways.
The repair of psoralen interstrand cross-links in the yeast Saccharomyces cerevisiae involves the DNA repair groups nucleotide excision repair (NER), homologous recombination (HR), and post-replication repair (PRR). In repair-proficient yeast cells cross-links induce double-strand breaks, in an NER-dependent process; the double-strand breaks are then repaired by HR. An alternate error-prone repair pathway generates mutations at cross-link sites. We have characterized the repair of plasmid molecules carrying a single psoralen cross-link, psoralen monoadduct, or double-strand break in yeast cells with deficiencies in NER, HR, or PRR genes, measuring the repair efficiencies and the levels of gene conversions, crossing over, and mutations. Strains with deficiencies in the NER genes RAD1, RAD3, RAD4, and RAD10 had low levels of cross-link-induced recombination but higher mutation frequencies than repair-proficient cells. Deletion of the HR genes RAD51, RAD52, RAD54, RAD55, and RAD57 also decreased induced recombination and increased mutation frequencies above those of NER-deficient yeast. Strains lacking the PRR genes RAD5, RAD6, and RAD18 did not have any cross-link-induced mutations but showed increased levels of recombination; rad5 and rad6 cells also had altered patterns of cross-link-induced gene conversion in comparison with repair-proficient yeast. Our observations suggest that psoralen cross-links can be repaired by three pathways: an error-free recombinational pathway requiring NER and HR and two PRR-dependent error-prone pathways, one NER-dependent and one NER-independent.